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Synopsis : The excess soil cement containing fresh cement is produced by the use of
mechanical mixing action in deep layer mixing construction method. Its recycling process is
the object of research. This paper describes the hydration of Portland cement and the
recycling state of mixed soil cement, a expression of the recycling process, the recycle equation
and its solution, and the presentation of degree of recycling.
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1. Foreword
Natural resources and materials are not infinite and due to the many limitations it is difficult to create.
Because of this, there have been many tests to re-use it after it has already been used, as long as it still
possesses function and utility value. Of course, it takes money and effort to re-utilize such used materials,
but in reality, the demand for new things to be used is higher than the demand for the re-utilization of used
things. Such re-utilization is called Recycling.
The possibility of such recycling depends on the properties of the material and natural resource but it is
largely controlled by numerous environmental conditions. More often, natural resources and materials,
after it has been used and whose function and utility value decreased, are disposed as waste material.
Especially on cases where there are sufficient disposal sites and if, on the whole, re-utilizing would cost more,
re-utilization is not done.
However, since natural resource is limited and if difficulties are encountered in obtaining new resources,
or in cases when it is indisposable, re-utilization becomes a problem. Similar to the present condition of
Japan, where disposal sites nearby cities and metropolitans have remarkably limited space and capacity, the
inevitability of recycling is becoming a big problem.
If natural resources and materials are made possible for re-use or if necessitated, it is said to posses
Recycling Potential. The potential has its merits and demerits, but ordinarily, its merits are considered.
There exists different cases of recycling in the soil cement mixing method. To name a few, one such
case is the excess soil that is produced during trench excavation. Another case is the soil that is mixed with
cement that comes out during boring and then disposed. This may be in an unhardened state and containing
fresh cement. It may also be in the form of a hardened soil cement.
The excess soil cement containing fresh cement, that is produced by the use ofmechanical mixing action
in deep layer mixing construction method, is the object of this research of its recycling process [1,2].
2. The Recycling State of Mixed Soil Cement
The soil cement mixing method is a method where the soil is the main component and into this soil,
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cement is mixed. In the example below, corresponding to the various fonns that is shown in Table 1, the
recycling process also differs.
Table 1 Fonn of soil cement method
Depth Shallow layer, deep layer
Transportation method Gas, foam, liquid
Condition Powder, foamy, muddy
Pressure Ordinary pressure, additional pressure
Furthennore, in here, the soil cement underground continuous wall method will be taken as an example
of a method where cenlent is transported into deep layers of soil through the use of water. When water is
added into cement and mixed, silnultaneously hydration starts. Since hydration reaction largely depends on
tilne, the state of the recycling process also varies according to time.
The stages of the hydration of Portland cement is still unclear and extremely complex but generally and
chemically, the hydration reaction equation below is considered to indicate the hydration process (Fig. 1 ) .
1.'.....
1. Immediately after hydration
Fig. 1
3. After several hours
C3S + 6H20 --+ C3S2H3 + 3Ca(OH)2 (1)
2C2S + 4H20 --+ C3S2H3 + Ca(OH)2 (2)
2C3A + 27H20 --+ 2(C3AH6) + 15H20 (3)
C~F + (8+n)H20 --+ C2AHS + C2FHn (4)
C3AF + 3CaS04 + 32H20 --+ C3A • 3CaS04 • 32H20 (5)
In here, C = CaO, S = Si02, H = H20, A = A120 3, F = Fe203
If these equations are arranged, it would correspond to the following five stages of hydration reaction in
Fig.2.
SI is a stage ,vhere there is a comparatively fast advancement of the dissolution of CaD. While, Sn is a
stage ,vhere oversaturation occurs and dissolution is restrained. In this stage, through the adsorption of the
gel that originates due to hydration, the dissolution is doubly restrained. In the next stage SUI, due to the
percolation pressure, a failure occurs on the membrane of the gel. It is an acceleration stage where through
the percolation of water, the hydration of fast reacting compounds like C3S occurs simultaneously. SIV is
the stage where spaces are filled-up due to the numerous gel that has fonned and as predicted there is also a
deceleration on the movement of ions. In stage Sv, the hydration of slow reacting compounds like C2S and
C~F proceeds. The stages of the recycling of mixed soil cement is considered to correspond to these
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stages. The excess soil cement that is the object ofthis research, will be the soil cement in stages SI and Su.
A study will be made on its liquidity and consolidation. It also includes a study on how to retard the setting
and hardening of cement.
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Fig.2 The Hydration research of cement
3. Recycling Process
The latent capacity to make a material or mixed material possible for recycling is called Recycling
Potential. Ho\vever, the potential should have a recycling process. Within this notion, it is important for
the recycling process that it should bring about a political, economical and environmental development of
technology for future productions.
Recycling potential places an important meaning on the recycling process. Recycling potential,
corresponding to the various forms of recycling process, has diverse contents.
The potential of the process i is expressed by<p 1,2, ,;, , while the potential of the state j can be
expressed as <pl,2 ,}....... Generally, these potentials are expressed as <P11:i:.:~~·":;:=·.:~.
For example, if i, j, is assunled to be the recycling process and the recycling state, respectively, the
potential will be cp ;.. If the change in the volume due to this potential, when simplified, is proportioned to the
potential slope, the transformation is expressed by the formula
d 2cp; d 2<p; d 2cp; d 2cp;
dx2 + dy 2 + dz 2 = a dt 2 (6)
In here, x, y and z represents the space coordinates, while t represents time and a represents the experimental
value. This equation is called as the Recycle Equation.
4. Solution of the Recycle Equation
The process is a function of the volume of the condition. In other words, the various values' that is
indicated by the condition represents the process itself. Eventually, the recycling process is represented by
CPI,2, ......•} -Furthenl10re, if the condition is specified, the process during that time is decided by the value
of that condition. During this time, the recycling process is represented by <Pi- If <Pj is transformed to ct>
(7)
(8)
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and then considered as the recycle equation it can be simply expressed in the form
d 2<j> d 2<j> d 2<j> d 2<j>
dx2 + dy2 + dz2 = r3 dt2
~ is the experimental value.
If the problem is assumed only as a linear equation and ~ is transformed to C, then the recycle equation
can be expressed by the equation
d<j> = Cd2<j>
dt dx 2
Now, assuming that the surfaces of clay particles as the initial condition, where the growth of CSH gel
occurs in a horizontal direction, the boundary conditions will be
x = 0, «I> == 0
x = 2 r, <I> = 0, (9)
In here, r is defined as the radius of the hardened layer of soil cement. When the initial condition is t = 0,
then
<I> = <l>i (x) (10)
However, <l>i (x) is the size of the recycling potential. <J>; (x) which is the optional point of the inner layer of
the soil cement is generally a function ofx. Basing on Formula(8), the required recycling potential (<I» can
be expressed theoretically in the form of
<I> == F(x) • G(t) (11)
. In here, F(x) is a function of x only, while G(t) is a function of t only. If Fonnula(II) is substituted into
Formula(8),
F(x) ·G(t) = C G(t)· F"(x) (12)
Therefore,
F"(x) 1 G'(x)
--= _e__ (13)
F(x) C G(x)
In here, C is a constant.
In Fonnula(I3), since the left portion of the equation is a function of x only, even though the time t
changes, the value ofF"(x) does not change. The right portion is a function of t only. So even though the
value of x changes, the value of G '(t)/G(t) does not change. Since both are always equal, both t and x has
no relation to each other and can be considered as constants. If this value is converted to - A 2,
Fonnula(I3) will be
F"(x) = - A2 F(x) (14)
Therefore,
F(x) = B} cos A x + B2 sinA x
and from the right portion of Formula(I3),
G'(t) = -A2 CG(t)
Therefore,
(15)
(16)
G(t)=B3 exp(-A2 Ct) (17)
In here, B}, B2, B3 are integration constants.
Therefore, Formula(ll) can be expressed generally in the form
<I>=(B4 cosAx + BssinAx)exp(-A2 Ct)
B4 = B} • B3
Bs =B2 ·B3 (18)
Ifx = 0, then 4» = o. And from this, B4 = o.
Therefore,
<I>=BssinAx-exp(-A2 Ct) (19)
Otherwise, basing on the boundary condition x =2r then ct> = 0, and ifn is a positive integer,
then 2rA = n1t.
As a result,
. nrrx (n2Jt 2et)<p = Bs sln--exp - 22r 4r
Therefore,
From the initial condition, t = 0 then <I> = <1>; (x),
In here, if m and n are integers, then
j; {O(m ~ n)sin mx-sin nxdx=o . Jtj2(m = n)
In this equation, if the integration constant in the x form is transfonned into nx / 2r then
£ . mrrx . nrrx { O(m ~ n)sln---sln--dx =o 2r 2r Jtj2(m = n)
If sin(nrrx / 2r) d x is substituted into Formula(22) and then integrated from 0 to r, it will become
tr nrrx Jdr 2nrex<p;(x) sin -dx = Bn sin --dx = Bnro 2r 0 2r
Therefore,
It r nrrxB = - th.(x)sin-dx
n r 0 'f', 2r
IfBn is inserted into Formula(21), the result will be
00 {I ~r nrrx} nrrx (n 2Jt 2 )<I> = ~ - <Pi(x)sin-dx sin--exp ---Ct
r 0 2r 2r 4r 2
n-
In here,
If this will be called as the time coefficient,
00 {l.JJr nrrx} nrex (n 2Jt 2 )<P = ~ - <p;(x)sin-dx sin--exp ---T1:1 r 0 2r 2r 4
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(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
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If the initial potential, without any relation to x, is a fixed value, then
.~ 2Po • Mx ( 2)
<t> = L,-Sln-eeXp -M T
m=l M r
In here,
M = (2m + 1}1t
2
(30)
(31)
m is the optional positive integer.
Consequently, the solution of the recycle equation is represented as a product of the function of x and t.
Therefore, when t --. 00, then <I> --+ O.
5. Degree of Recycling
The function that expresses the process of the recycling progress will be called as the Degree of
Recycling, R. This is represented by the fonnula
Consequently,
£$dxR=l---t~;dX
If 4>; (x) =Po is constant,
00 2
R = 1- }:-2 exp(-M2 T)
n_O M
Therefore, R is a function of T only. The relationship of Rand T is shown in the figure below.
(32)
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(34)
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Fig,3 The relationship of R and T
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